Abstract. The intensification of agricultural practices has been identified as the main cause of population decline in farmland birds since the 1960s in both Europe and North America. Although the links between species richness or abundance and various components of agricultural intensification are well established, the mechanisms underlying these trends have rarely been addressed along a gradient of intensification or have been quantified at only one spatial scale. Here we quantified the influence of landscape structure on the nest box occupancy and breeding success of Tree Swallows (Tachycineta bicolor) at seven spatial scales (1, 2, 3, 4, 5, 10, and 20 km radii) over a 10 200-km 2 gradient of agricultural intensification in southern Que´bec, Canada. A network of 400 nest boxes distributed among 40 farms was visited every two days over three breeding seasons, 2004-2006. Nest box occupancy decreased with the proportion of intensive cultures (maize, cereals, and soybeans) in the landscape, especially when manure heaps and tanks were abundant, and was also determined by local variables (i.e., nest box clearance, interspecific competition) and by previous-year fledging success. Clutch size decreased as the breeding season progressed and with the proportion of intensive cultures in the landscape, with no consistent variation across spatial scales. Hatching success was not related to any landscape variables but increased with clutch size. Both the number of fledglings and fledging probability increased with the proportion of extensive cultures (hayfields, pastures, and fallows). These effects increased with spatial scale and reached a plateau at the 5 km radius: the maximum distance from the nest reached by foraging Tree Swallows. Our results can likely be attributed to lower food availability in intensive cultures compared to extensive ones. This study suggests that several components of breeding that impact on population structure and dynamics of insectivorous birds will be negatively affected by agricultural intensification.
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INTRODUCTION
Farmland bird populations are declining at a faster rate than most other groups of birds in both Europe and North America (Askins 1999 , Vickery and Herkert 2001 , Murphy 2003 , Donald et al. 2006 . Much of this decline has been attributed to habitat destruction, fragmentation, and degradation caused by changes in agricultural practices since the 1960s (Peterjohn and Sauer 1999 , Chamberlain et al. 2000 , Donald et al. 2001 . These changes include an intensification of resource use and a shift from diverse mixed-farming (e.g., livestock pasture and arable) or dairy-farming systems to large scale, intensive arable farms, mainly for the production of cereals and other row crops. This shift led to a decrease in habitat heterogeneity because of lower crop diversity, and also because marginal habitats, such as hedgerows, woodlots, and wetlands, were converted to croplands (Be´langer and Grenier 2002 , Robinson and Sutherland 2002 , Benton et al. 2003 . The structure and dynamics of agricultural landscapes have also been modified through rising use of pesticides and chemical fertilizers, together with increasing mechanization, earlier planting and harvesting, and the simplification and loss of traditional crop rotations (Robinson and Sutherland 2002 , Benton et al. 2003 . These modifications which contribute to make farmlands structurally simplified ecosystems (Matson et al. 1997 , have all been held responsible to some level, independently or collectively, for the decline of many populations of farmland birds (Donald et al. 2001 , 2006 , Wilson et al. 2005 .
Many studies have quantified the influence of agricultural intensification and related environmental variables (e.g., insect abundance) on species richness and abundance of farmland birds (Fuller et al. 1995 , Benton et al. 2002 , Bruun and Smith 2003 , but very few have empirically assessed the mechanisms through which agriculture may affect individual fitness and life history components, and in turn, population structure and dynamics. The potential paths investigated so far include the foraging and breeding behavior of birds across fields subjected to different management regimes, especially for ground-nesting birds that may experience high levels of nest predation and destruction. For instance, foraging birds have been found to select fields under particular management (e.g., organic vs. inorganic) and to experience differential foraging success that depended upon such management (Donazar et al. 1993 , Olsson et al. 2002 , Devereux et al. 2004 . Similarly, some components of breeding success were found to depend on the management of the field within which birds nested or its close surroundings (Brickle et al. 2000 , Perlut et al. 2006 . Because most studies compared the breeding success of birds within fields cultivated under different management regimes (e.g., organic vs. conventional farming [Bradbury et al. 2000] ; various harvesting schedules [Perlut et al. 2006] ), responses were usually quantified at only one spatial scale. Hence, no study has so far assessed ''mechanistic'' relationships at multiple spatial scales along a gradient of agricultural intensification. Yet, quantifying how landscape structure may affect the response of birds at multiple spatial scales in different periods of their breeding phenology is crucial for relating individual behavior and success to population structure and dynamics. Indeed, individuals perceive and respond to their surroundings at hierarchical scales that depend on their ecological needs and vary during the course of breeding (e.g., nest site selection and brood feeding [Kotliar and Wiens 1990 , Saab 1999 , Kristan 2006 ).
Here we quantify the influence of landscape structure on the nest box occupancy pattern and breeding success of Tree Swallows (Tachycineta bicolor) at seven spatial scales along a gradient of agricultural intensification covering 10 200 km 2 in southern Que´bec, Canada. Tree Swallows are typically found in meadows and wetland habitats and show declining populations in Ontario (for the period 1995-2004 [Crewe et al. 2006] ) and Que´bec (for the period 1980-2005 [É tude des populations d'oiseaux du Que´bec, unpublished data]), Canada. Given the habitat and food requirements of Tree Swallows, these population declines are likely to result, at least partly, from environmental transformations stemming from agricultural intensification (Møller 2001 , Ambrosini et al. 2002 . To address this possibility for Tree Swallows, we measured the influence of surrounding crop types and other agricultural landscape characteristics on (1) nest box occupancy, (2) clutch size, (3) the proportion of eggs that hatched, (4) the number of fledglings, and (5) the proportion of chicks that fledged. The effects of agricultural landscape characteristics were modeled while controlling for variables pertaining to clutches or broods (e.g., clutch initiation date), nest boxes (e.g., clearance), and meteorological conditions (e.g., temperature).
METHODS

Model species
The Tree Swallow is a 20-g passerine whose breeding home range can span .60 km 2 before incubation starts and 2-5 km 2 afterward (Robertson et al. 1992) . Such large and variable home ranges may result from its need to combine specific breeding and foraging habits. Indeed, Tree Swallows are obligate, secondary cavity nesters that feed mostly on flying insects, particularly those emerging from wetlands (Quinney and Ankney 1985, Robertson et al. 1992) . Meeting those two needs within the context of a low availability of nesting cavities and of an ephemeral and patchily distributed food resource, is likely to require traveling over large distances. High mobility makes the Tree Swallow a particularly interesting model for measuring hierarchical and large-scale influences of landscape structure on a species' ecology (Kotliar and Wiens 1990, Kristan 2006) . Another characteristic of interest of Tree Swallows is that they bioaccumulate pesticide derivatives which may affect their physiology and reduce their breeding success (Bishop et al. 2000 , Smits et al. 2005 . Other advantages of working with Tree Swallows are that their biology is very well known, they are easy to catch and manipulate, and they readily breed in nest boxes and may be disturbed on a regular basis without abandoning their progeny (Jones 2003) .
Study area and nest box network
We monitored the breeding activities of Tree Swallows using a 400-nest-box network distributed among 40 farms (10 boxes/farm) within a ;10 200-km 2 area in southern Que´bec, Canada ( Fig. 1 ; see Plate 1). The area is characterized by an east-west gradient of agricultural intensification where dairy farming and small-scale, familial farms are replaced by large-scale, continuous row cropping with full mechanization and high input of pesticides as well as of organic and chemical fertilizers (Jobin et al. 2005 ; Fig. 1 ). This gradient from extensive (hayfields and pastures) to intensive (maize, cereals, and soybean) cultures is also characterized by a gradually smaller and more fragmented forest cover, by an increase in the drainage of wetlands, and canalization of streams (Be´langer and Grenier 2002;  Fig. 1 ). Farms were chosen according to a stratified random sampling approach. Each stratum corresponded to the membership of one of eight agro-environmental associations that represent a large portion of the farmers in our study area. We randomly selected a number of farms proportional to the area covered by a given association, providing that farmers agreed to participate to the study and that farms were located at least 3 km apart (nearestneighbor distance ¼ 7.28 6 0.57 km, mean 6 1 SD). The 40 farms covered a large portion of the potential range of combinations between the relative amount of extensive and of intensive cultures that could be found within a 1 km radius around a given farm (Fig. 2) .
Nest boxes were built according to North American Bluebird Society's specifications (i.e., Eastern/Western Bluebird model) and were installed during winter 2004. Hence, individuals were not aware of the boxes' presence before they returned from their wintering sites in spring 2004. Boxes were put up 50 m apart along drainage ditches or fence lines that bordered agricultural fields or pastures. The distance to the nearest building thus varied substantially among boxes (119 6 93 m, mean 6 1 SD; n ¼ 400 boxes). All boxes were mounted on a metal post 1.5 m above the ground and with the opening facing southeast (Ardia et al. 2006a) . Neither the boxes nor the posts were fitted with antipredator devices. Nest material from the previous breeding season was removed every year during the winter.
Nest box monitoring
We monitored the breeding attempts and success of Tree Swallows during each breeding season (early May to mid-July) between 2004 and 2006. Each year, all nest boxes were visited every two days to determine occupancy (i.e., nest building and laying of !1 egg), laying date of first egg, clutch size, brood size at hatching, and number of chicks fledged. We considered a nest box occupied when it contained at least one egg. We opted for this conservative operational definition of occupancy because of the difficulty in differentiating between two consecutive breeding attempts where the first one had been abandoned at the nest building stage. We determined the laying date of the first egg based on the assumption that Tree Swallows lay one egg per day until clutch completion (Robertson et al. 1992 ).
Landscape characterization
Agricultural intensification is reflected by landscape composition, especially by culture diversity and the relative area covered by extensive and intensive cultures (e.g., Roschewitz et al. 2005) . In our study area, extensive cultures mostly include habitats related to dairy and beef cattle farming, such as hayfields, pastures, and fallows. These extensive cultures are also surrounded by marginal habitats like hedgerows, forest patches, and wetlands that vary in both amount and diversity. Intensive cultures, on the other hand, are largely composed of vast monocultures of annual row crops, such as maize, cereals, and soybean (Be´langer and Grenier 2002, Jobin et al. 2005) . The nature and management of extensive cultures, as well as their proximity to natural habitats, are likely to provide a more abundant and diversified insect food supply to Tree Swallows compared to intensive cultures (Wilson et al. 1999 , Di Giulio et al. 2001 , Benton et al. 2002 , Wickramasinghe et al. 2004 . Hence, for each nest box, we measured the relative cover of extensive and intensive cultures within radii of 1, 2, 3, 4, 5, 10, and 20 km. We chose those radii based on the fact Tree Swallow movements vary widely among individuals, especially before incubation starts. Although females seem to remain within 2.5 km from their nest boxes before the onset of incubation, some individuals will make forays .10 km Whittingham 2005, Stapleton and Robertson 2006) . After the start of incubation, most individuals will remain within 5 km of their nest box (Robertson et al. 1992 ). This 5 km radius also corresponds to the maximum distance traveled by Tree Swallows when collecting food for their young in our study area. We determined this maximum distance by multiplying the maximum flight speed of Tree Swallows (Robertson et al. 1992) by half the maximum time spent out of the nest by adults raising broods in our study area (observations made on 1394 nest visits to 58 nest; B. Gendreau and M. Be´lisle, unpublished data). Since the conclusions of our analyses were concordant across scales, we present results for the 5 km radius, which approximates the maximum distance traveled by Tree Swallows when collecting food for their young.
Relative cover was estimated based on a mosaic of georeferenced and classified (Robertson et al. 1992) , we also quantified the combined relative cover occupied by those two habitats within the same radii as above. Last, we measured two variables that may affect the availability of food resources around a given farm, and thus the breeding success of Tree FIG. 2 . Combinations of extensive cultures (e.g., hayfields and pastures) and intensive cultures (e.g., maize, cereals, and soybean) found around the 40 farms used to study nest box occupancy and breeding success of Tree Swallows along a gradient of agricultural intensification in southern Que´bec, Canada, 2004 -2006 . Relative amounts of cover were measured within radii (r) of 1 and 5 km centered on each farm. PLATE 1. Tree Swallows competing for a nestbox located at the margin of a corn field. Photo credit: Ste´phane Lamoureux.
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Swallows, namely the number of grazing farm animals (i.e., cattle and horses) and the number of manure heaps and tanks within 500 m of the center point of each group of nest boxes (Møller 2001 , Ambrosini et al. 2002 . The former was quantified on each farm visit and the latter once at the end of the breeding season. Counts were performed using a laser rangefinder (Bushnell Yardage Pro; Bushnell, Overland Park, Kansas, USA).
Statistical analyses
Because of our hierarchical sampling design (nest boxes nested within farms), we modeled response variables using mixed models with farm identity as random factor. We did not consider female Tree Swallow identity as a random factor since females produce only one brood per year and less than 3% renest after failure on a given year. The number of betweenyear recaptures was also much too low to justify such an approach. Nest box occupancy was modeled with generalized linear mixed models using a logit link function and a binomial error distribution. Other response variables were modeled with linear mixed models (McCulloch and Searle 2001) . Proportions were arcsine transformed to meet normality requirements (Zar 1984) . Generalized linear mixed models and linear mixed models were respectively fitted with the lmer (package lme4 version 0.9975-3) and lme (package nlme Notes: Model refers to the type of model in which the variable is included (See Appendices A and C). An entry of ''idem'' indicates that the justification to include an explanatory variable is the same as that for the closest response variable on the left. Justifications are followed by numbers referring to the following citations: 1, Winkler and Allen (1996) ; 2, Ardia and Clotfelter (2007) ; 3, Robertson et al. (1992) ; 4, Pa¨rt and Doligez (2003) ; 5, Ambrosini et al. (2002); 6, Saino et al. (2004); 7, Nooker et al. (2005) ; 8, Dawson and Lawrie (2005) ; 9, Chaplin et al. (2002); 10, McCarty and Winkler (1999a); 11, Shutler et al. (2004); 12, Shutler et al. (2006) .
We built a series of models for each response variable based on combinations of groups of variables that characterized the surrounding landscape, the clutch or brood, the nest box, and the meteorological conditions that prevailed during incubation or brooding. The composition and justification of these groups of variables are found in Table 1 and the lists of models considered are included in Appendices A and C. We originally planned to build models that included the relative cover of extensive and intensive cultures, as well as their interaction, because the influence of one cover type may depend on the amount (availability) of the other. However, including the two types of cultures in the same model, with or without the interaction, lead to multicollinearity among explanatory variables and prevented model convergence. Hence, we had to build simpler models that included only one type of culture at a time. Explanatory variables included in a given model were never strongly correlated (0.01 r 0.46).
Competing models for a given response variable were fitted at each of the seven spatial scales at which landscape composition was quantified (i.e., for radii of 1, 2, 3, 4, 5, 10, and 20 km). We contrasted models within each spatial scale based on the (marginal) Akaike information criterion with finite-sample correction (mAIC c ) following Vaida and Blanchard (2005) . This quantity estimates the amount of information contained in the data that is lost through the modeling process (Burnham and Anderson 2002) . Hence, the lower is the mAIC c value of a model, the better is that model at summarizing the information contained in the data. Absolute mAIC c values have no real meaning and can only be used to compare models fitted to the exact same data set (Burnham and Anderson 2002) . This is also why competing models are compared based on their difference in mAIC c relative to the model that shows the lowest mAIC c value (i.e., DmAIC c ). We also computed the weight of evidence of each model (w i ) within each spatial scale: the likelihood that a model was the bestranked one within the set of competing models, given the data (Burnham and Anderson 2002:74-77) . Because the weight of evidence of the best models was usually quite strong, we decided to focus only on the models showing the highest w i . We report coefficients and standard errors estimated by maximum likelihood using a multivariate Laplace approximation for nest box occupancy and residual ( 
RESULTS
Nest box occupancy
The percentage of nest boxes occupied by Tree Swallows was 54.5% in 2004, 72.3% in 2005, and 74 .5% in 2006 (n ¼ 400 boxes in each year). Eastern Bluebirds (Sialia sialis) and House Sparrows (Passer domesticus) were the two main competitors of Tree Swallows for nest boxes with 1.8-3.3% and 6.3-17.8% of occupancy across years, respectively. It is important to note that Tree Swallows are capable of evicting individuals of those two species from nest boxes and therefore that nest box occupancy by Tree Swallows is not necessarily directly and inversely proportional to competitor occupancy (Meek and Robertson 1994; M. Be´lisle, unpublished data) .
Two models stood out of the set of competing models at all spatial scales (R w i . 0.99), namely the Nest box model (w i : 0.36-0.82) and Nest box þ Intensive Culture model (w i : 0.17-0.62) (Appendix A). Landscape features associated to extensive cultures hence did not influence occupancy. Whereas the Nest box model performed best at spatial scales of 1, 2, 3, 5, and 20 km, the Nest box þ Intensive Culture model did better at spatial scales of 4 and 10 km (Appendix A). In both models, occupancy increased with the amount of open space within one meter of the nest box (clearance) and the nest box fledging success in the previous year, and obviously decreased with the proportion of nest boxes occupied by other species on the farm independently of spatial scale ( Table 2 ). The occupancy in the previous year and the amount of water in the landscape had no effect on the likelihood that Tree Swallows occupy a nest box in all models (Table 2 ; results not shown for water). The Nest box þ Intensive Culture model indicated, however, that occupancy decreased with the amount of intensive cultures in the landscape when the number of manure heaps and tanks within 500 m of the nest box was .1 (Fig. 3a) . This effect, which was significant at all spatial scales except for radii of 2 and 3 km, increased with the number of manure heaps and tanks within 500 m of the nest box (Fig. 3a) . No combination of model and spatial scale permitted to identify a specific scale at which Tree Swallows are more likely to respond to environmental variables when selecting a breeding site (Appendix B).
Clutch size
Over the three years, clutch size averaged 5.2 6 1.2 eggs (mean 6 SD, range ¼ 1-9, n ¼ 912 clutches) and was best explained by the Intensive Culture model at all spatial scales (w i : 0.74-0.98; Appendix C). According to this model, clutch size decreased as the amount of intensive cultures increased in the landscape (Table 3 , Fig. 3b ). This reduction in clutch size was relatively constant across spatial scales (Fig. 4a ) and corresponded to an average decrease of 0.8 eggs over the range of intensive culture cover measured at the 5-km scale (i.e., 0-80%; Fig. 3b ). As for occupancy, landscape features characteristic of extensive cultures had no influence. Tree Swallows laid fewer eggs as the breeding season progressed (Table 3) , for an average difference of 1.7-2.1 eggs between the first and last clutch, depending on season length (46-57 days) . No combination of model and spatial scale permitted to identify a specific scale at which environmental variables are more likely to affect the clutch size of Tree Swallows (Appendix D).
Hatching probability
Overall, the probability that an egg hatches averaged 0.67 6 0.39 (mean 6 SD, n ¼ 912 clutches). Yet, hatching probability increased to 0.86 6 0.19 in clutches for which !1 egg hatched (n ¼ 715 clutches). The percentage of clutches for which none of the eggs hatched was 21.6%. Nest failures resulted from a diversity of causes, including abandon, nest predation, and nest eviction by conspecifics and House Sparrows. Hatching probability was best described by the Clutch model for spatial scales ranging from 2 to 20 km (w i : 0.51-0.61) (Appendix C). Following this model, hatching probability increased substantially with clutch size but only marginally as the breeding season progressed (Table 4 ). For example, mid-season hatching probability increased on average from 8.7% for one-egg clutches to 73.2% and 96.8% for five-egg and seven-egg clutches in 2004, respectively. At the 1-km scale, the model that included characteristics pertaining to the clutch as well as to landscape features associated to intensive cultures (i.e., Clutch þ Intensive) performed best with w i ¼ 0.63 (Appendix C). Yet, none of the landscape variables of this model had a significant effect on hatching probability.
When we excluded clutches for which none of the eggs hatched, the best models were Weather þ Extensive Culture (w i : 0.24-0.63) or Weather þ Intensive Culture (w i : 0.25-0.35) for spatial scales of 1, 2, and 20 km and 3, 4, 5, and 10 km, respectively (Appendix E). Hatching probability was affected by landscape variables only through the Weather þ Extensive Culture models, increasing with the amount of water and of extensive cultures in the landscape and decreasing as the number of manure heaps and tanks became more prevalent in landscapes showing ,25% of extensive cultures. Noteworthy, the negative effect of the number of manure heaps and tanks on hatching probability increased as the amount of extensive cultures declined (Appendix G). The best combination of model and spatial scale (i.e., with the overall lowest mAIC c ) was the Weather þ Extensive Culture at a spatial scale of 20 km (Appendix F).
Number of fledglings
Within nests where at least one egg hatched, the number of hatchlings that fledged averaged 3.3 6 2.1 over the course of the study (mean 6 SD, n ¼ 715 broods). This number increased to 4.0 6 1.5 for broods that fledged !1 young (n ¼ 597 broods). Fledgling number was best explained by the Extensive Culture model at all spatial scales (w i : 0.42-0.84) (Appendix C). Based on this model, the number of fledglings increased with the amount of extensive cultures in the landscape. As an example, fledgling number increased on average from 2.2 to 4.8 across the range of extensive cultures measured at the 5-km scale (i.e., 10.4-43.3%; Fig. 3c ). This effect of extensive cultures increased with spatial scale and appeared to reach a plateau at a radius of ;5 km (Fig. 4b) . Interestingly, the combinations of model and spatial scale that showed the lowest mAIC c values involved the Extensive Culture model at scales of 4-5 km, supporting the idea that the number of fledglings produced by Tree Swallows is determined by the landscape context within ca. 5 km of the nest (Appendix D). None of the other landscape variables had an effect on fledgling number (Table 5) , except for water at the 20-km scale. At this regional scale, the number of fledged young increased with the amount of water in the landscape (95% CI: 0.025 to 0.208). Given the small amount of water bodies in the study area, this translated into a mean difference of 1.4 fledglings across the range of water cover values (range: 0.5-12.5%). As for clutch size, the number of fledged young decreased as the breeding season progressed: a mean difference of 2.0-2.5 fledglings between the first and last clutch of a season, depending on season length (46-57 days; Table 5 ).
When only considering broods that fledged !1 young, the evidence favored the Intensive Culture model at spatial scales of 1, 3, and 10 km (w i : 0.38-0.67) and the Extensive Culture model at spatial scales of 2, 4, 5, and 20 km (w i : 0.56-0.60; Appendix E). According to those models, fledgling number decreased with the amount of intensive cultures in the landscape at the 10-km scale, and increased with the amount of extensive cultures at both the 4-and 5-km scales. Yet, the positive influence of extensive cultures decreased as the number of manure heaps and tanks increased (Appendix G). Overall, it was the Extensive Culture model that performed best, and this at spatial scales of 4 and 5 km (Appendix F).
Fledging probability
The probability that a hatchling fledged averaged 0.74 6 0.38 for the entire study (mean 6 SD, n ¼ 715 broods). Excluding broods that failed to fledge !1 young (i.e., 16.5% of broods), this probability increased to 0.88 6 0.21 (n ¼ 597 broods). Nest failures at this stage also resulted from a diversity of causes. As for hatching probability, these comprised abandon, nest predation, and nest eviction by conspecifics and House Sparrows.
The Extensive Culture model was identified as best to infer fledging probability at spatial scales ranging from 2 to 10 km (w i : 0.48-0.64; Appendix C). Following this model, fledging probability increased with the amount of extensive cultures in the landscape (Table 6 ). At the 5-km scale, for example, the probability that a young fledged increased on average from 71% to 81% across the range of extensive cultures (i.e., 10.4-43.3%; Fig. 3d) . As for the number of fledglings, the effect of extensive cultures increased with spatial scale and leveled off at a radius of ;5 km (Fig. 4c) . Moreover, the combinations of model and spatial scale that showed the lowest mAIC c values involved the Extensive Culture model at scales of 4-5 km, emphasizing that brood outcome is strongly determined by the landscape context within ;5 km of the nest (Appendix D). No other landscape variables had an effect on fledgling probability (Table 6 ). At the 1-km and 20-km scales, fledging probability was best explained by the Brood model (w i : 0.37-0.48; Appendix C). Yet, neither the number of nestlings nor the clutch initiation date had an influence on the likelihood that a young fledged (results not shown).
When we excluded broods from which none of the nestlings fledged, the Brood model performed best at spatial scales of 1, 3, 10, and 20 km (w i : 0.54-0.77), but it was the Brood þ Intensive Culture model (w i : 0.51) at 2 km and the Brood þ Extensive Culture model (w i : 0.57) at 4 and 5 km. According to those models, fledging probability decreased with the number of nestlings and increased with the amount of extensive cultures in the landscape. This latter positive effect on fledging probability nevertheless decreased and even became slightly negative as the number of manure heaps and tanks within 500 m was .2 (Appendix G). The Brood þ Extensive Culture model performed best overall, and this at spatial scales of 4 and 5 km (Appendix F).
DISCUSSION
An agricultural intensification gradient provided an opportunity to quantify the influence of landscape structure on nest box occupancy and breeding success of Tree Swallows at multiple hierarchical spatial scales. Our results show that both nest box occupancy and breeding success are influenced by landscape structure. Indeed, the reproductive output of Tree Swallows increased in landscapes where large areas were covered by hayfields and pastures, and thus dedicated to extensive agricultural practices, such as dairy and cattle farming. Furthermore, we found that distinct landscape components affected breeding activities, and this, to different extents that depended on spatial scale.
Nest box occupancy
Nest box occupancy by Tree Swallows depended on landscape variables. Occupancy decreased with the amount of intensive cultures in the landscape, this effect being more pronounced when another index of agricultural intensification, the number of manure heaps and tanks, increased. At least two non-mutually exclusive explanations may underlie this result. First, areas dominated by intensive cultures may support lower densities of Tree Swallows. Yet, these same areas would also be expected to present a lower nest-site availability because of the destruction of marginal habitats, which implies tree removal, and thereby, an increase in competition for nest sites. Second, landscapes with vast intensive cultures are characterized by structurally simplified habitats (Matson et al. 1997 ) with (probably) fewer foraging sites and less abundant and diversified insect food supplies (Wilson et al. 1999 , Di Giulio et al. 2001 , Benton et al. 2002 , Wickramasinghe et al. 2004 , hence making these habitats a poor choice for breeding Tree Swallows. Given that manure heaps and tanks should be inhabited by and attract insects, we find their negative impact on nest box occupancy counterintuitive. One potential explanation may lie in that the number of manure heaps and tanks is positively correlated with the number of stables, which provide food and shelter for House Sparrows that compete with Tree Swallows for nest boxes. The effect of landscape structure on occupancy was detected from the 1-km through the 20-km scale, suggesting that Tree Swallows choose their nest sites in order to meet the requirements of different breeding activities.
Occupancy was also determined by local variables. Because nest-site availability is limited, Tree Swallows compete aggressively for nest sites not only with conspecifics, but also with other secondary cavitynesting species (Robertson et al. 1992 ). Although we were not able to estimate intraspecific competition, our results suggest that competition with House Sparrows strongly constrained nest-site selection by Tree Swallows. This is supported by the high level of occupancy within our nest box network (35.5% of nest boxes were Notes: Estimates pertain to a linear mixed model with farm identity as random factor (n ¼ 912 clutches) and relative amount of intensive culture cover measured within 5 km of the nest box. See Table 1 for variable definition and justification and Appendix C for the 5-km scale Intensive model. unused in 2004, while only 5.8% remained unoccupied in 2006) and the presence of many non-territorial (''floaters'') Tree Swallows in our study area. Moreover, further analyses showed that nest box occupancy by Tree Swallows increased with the distance to farm buildings, which provide food, shelter, and nest sites to House Sparrows. We also found that nest box occupancy was higher when the amount of open space within one meter of the nest box increased. This result was predictable because Tree Swallows are aerial foragers that nest in open areas and avoid nesting near forest margins to limit competition with House Wrens (Troglodytes aedon) (Robertson et al. 1992) .
Last, we found that nest box occupancy increased when the fledging success for that same nest box was high in the previous year. Although successful breeding female birds tend to return to the same breeding site in successive years (Greenwood and Harvey 1982) , this result cannot be explained by philopatry alone. Indeed, only 9% of all occupancies in 2005 and 2006 (n ¼ 587 occupancies) were by females returning to the same nest box in two consecutive years. Moreover, further analyses based on 183 recaptures showed that the likelihood that a female occupy the same nest box in two consecutive years did not depend on the fledging success of its progeny in the previous year. As for Doligez et al. (2003 Doligez et al. ( , 2004 , this suggests that Tree Swallows use cues of conspecific reproductive performance (i.e., public information) to infer good breeding sites or habitats. Such prospecting for nest sites by juveniles and adults is likely to occur at the end of or just after the breeding season as we removed nest material and dead nestlings, as well as scraped feces from the walls of nest boxes, in the fall that followed each breeding season. Hence, individuals did not have access to this information when choosing their nest site in the spring. It remains that the determinants of dispersal in Tree Swallows have been found to vary among studies and that many factors, such as the density, age, and breeding success of individuals as well as the spatial distribution and availability of nest sites, may interplay Clark 2003, Winkler et al. 2004) . We expect that the hierarchical structure of our nest box network will eventually allow us to untangle the mechanisms underlying dispersal in Tree Swallows as we will be able to assess movement among nest boxes on a given farm as well as movement among farms located in landscapes with contrasting habitat quality.
Breeding success
Earlier studies on farmland birds have found equivocal results with respect to the impact of agricultural practices on breeding metrics (negative impact [Brickle et al. 2000 , Giuliano and Daves 2002 , Perlut et al. 2006 ; no impact [Eybert et al. 1995 , Bradbury et al. 2000 ). In this study, the breeding success of Tree Swallows was related to the proportion of intensive and extensive cultures in the landscape. Clutch size was negatively affected by the amount of intensive cultures after controlling for the decrease in clutch size within the breeding season. Tree Swallows laid fewer eggs in areas with a high proportion of intensive crops, probably because insect availability is poorer in those areas (Di Giulio et al. 2001 , Benton et al. 2002 . Since Tree Swallows do not rely on endogenous resource stores to produce their eggs (i.e., are income breeders), food limitation on the breeding grounds is likely to be the main constraint experienced by females for laying large clutches (Winkler and Allen 1996 , Nooker et al. 2005 , Ward and Bryant 2006 . The effect across the agricultural gradient was nevertheless marginal, probably because Tree Swallows can travel long distances (up to 60 km; Robertson et al. 1992) to collect food during the egg-laying period, particularly in episodes of bad weather. The fact that the effect of intensive cultures did not vary much across scales (i.e., among radii of 1-20 km) suggests that Tree Swallows use the landscape rather homogeneously during egg laying.
Overall, hatching success was not affected by landscape composition, but increased with clutch size. This last result must nevertheless be interpreted with caution because this relationship might be driven by predation, nest eviction or other causes leading to abandon, and hence may be partly determined by factors other than parental quality. Indeed, clutches of 3 eggs often result from adult death or nest abandon (Shutler et al. 2006) . Moreover, in cases where Tree Swallows were able to hatch !1 egg, hatching probability decreased as the amount of extensive cultures in the landscape declined, and this, at a rate that increased with the number of manure heaps and tanks. Because Tree Swallows are income breeders, the hatchability of their eggs may be affected by the quantity and quality (including contamination by pollutants) of the food they collect on the breeding grounds prior to egg laying (Selman and Houston 1996, Ardia et al. 2006b ), both of which would be expected to be greater in landscapes characterized by extensive agricultural practices (Di Giulio et al. 2001 , Benton et al. 2002 . The counterintuitive, negative influence of manure heaps and tanks on hatching probability (and fledgling number as well as fledging probability when !1 young fledged, for that matter) may result from unaccounted variation in landscape structure. For instance, although there was no correlation between the number of manure heaps and tanks and the amount of intensive cultures in the landscape (0.04 , r s , 0.19, across scales), nests surrounded by !4 manure heaps or tanks within 500 m were only found in landscapes with .35% of intensive cultures, independently of spatial scale. This suggests that intensive cultures may have a lower quality than other nonagricultural habitats, such as forest.
An increased proportion of extensive cultures in the landscape resulted in more fledged young and a greater fledging probability. This result parallels the one of Smith and Bruun (2002) with European Starlings (Sturnus vulgaris) and is likely to be indicative of greater insect prey availability in hayfields and pastures compared to intensively managed croplands. McCarty and Winkler (1999a) found that food availability is a major determinant of Tree Swallows' nestling growth. Since the availability of insects is expected to be higher in extensive crops than in intensives crops (Di Giulio et al. 2001 , Benton et al. 2002 , adults may be able to bring more food to the nestlings (Brickle et al. 2000) . The number of fledglings was increasingly associated with extensive cultures at radii of 1-5 km, the latter of which corresponds to the maximum foraging range of Tree Swallows in our study area. Unlike for clutch size, the spatial scale was of much importance because at this time of the season, adults spend most of their time foraging near the nest and return frequently to the nest to feed their young (McCarty and Winkler 1999b) . As a result they cannot travel far and are much more constrained by spatial scale.
We followed breeding activities for only three years, and therefore made few recaptures and were not able to address the influence that individual quality may have on the patterns and processes involved in our system. Such an influence could be important if, for instance, the age structure of local populations (i.e., within farms) varied with landscape structure. Given the strong competition for nest sites and that experienced individuals return on the breeding grounds earlier than inexperienced ones (Robertson et al. 1992) , there may be a despotic distribution whereby older individuals restrain younger ones to gain access to the best habitats. Hence, it may be hypothesized that young individuals are restricted, at least partly, to landscapes characterized by a greater proportion of intensive cultures and/or a lower proportion of extensive cultures. A despotic distribution partly based on age may exacerbate the negative influence of breeding in a poor habitat as clutch size, number of fledglings, and fledging success are known to increase until Tree Swallows reach middle-age and decline afterwards (Robertson and Rendell 2001) . As we accumulate data, it will thus be interesting to quantify the strength of the paths, including age and other indices of individual quality (e.g., Ardia and Clotfelter 2007) , through which agricultural intensification influences nest box occupancy and breeding success.
Previous studies did find effects of agriculture on abundance and density and equivocal effects on breeding success. Here we showed that agricultural intensification reduces the breeding density and success of Tree Swallows and provided insights into the mechanistic pathways that may link breeding density and success of farmland birds to agricultural practices. The strength of the negative impacts we measured on Tree Swallows should definitively raise concerns for other species. Indeed, Tree Swallows which have high mobility, and thus can exploit resources over large extents, should be able to better compensate or supplement their needs for resources than most other farmland bird species. Moreover, the nesting substrate of Tree Swallows (i.e., trees or nest boxes) is not directly affected by grazing animals or agricultural operations, such as plowing and harvesting, which cause or lead to severe nest and fledgling mortality through destruction or depredation in ground nesting species (Perlut et al. 2006) . This points toward the importance of other factors, such as how practices related to agricultural intensification affect the distribution, quantity and quality of food resources, nestling growth and condition, parental quality and investment, and competition within and among species. Part of the challenge in addressing those factors will come from (1) the fact that Tree Swallows, and most likely other bird species, respond to resource and habitat features at a range of spatial scales that varies during the course of breeding; and (2) that agricultural landscapes are highly dynamic as they vary within and among years in both composition and configuration. Spatiotemporal dynamics of agricultural landscapes should be of particular relevance to the measurement of life-history and fitness components strongly related to foraging success as it will affect the distribution of food resources, foraging strategies, and the level of parental investment (Brickle et al. 2000 , Johst et al. 2001 . Lacking to consider the influence of spatial scale or landscape dynamics may incidentally have caused the equivocal results obtained by previous studies quantifying the influence of agricultural practices on the breeding success of farmland birds. Differential scheduling of plowing, sowing, pesticide application, and of harvesting, as well as spatial and temporal culture rotations, should not be considered as a nuisance but as an opportunity of untapped proportion to address fundamental issues in landscape ecology.
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